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Background: Increasing aortic diameter is thought to be an important risk factor for acute type B aortic dissection
(ABAD). However, some patients develop ABAD in the absence of aortic dilatation. In this report, we sought to
characterize ABAD patients who presented with a descending thoracic aortic diameter <3.5 cm.
Methods:We categorized 613 ABAD patients enrolled in the International Registry of Acute Aortic Dissection from 1996
to 2009 according to the aortic diameter<3.5 cm (group 1) and>3.5 cm (group 2). Demographics, clinical presentation,
management, and outcomes of the two groups were compared.
Results:Overall, 21.2% (n 130) had an aortic diameter<3.5 cm. Patients in group 1 were younger (60.5 vs 64.0 years;
P  .015) and more frequently female (50.8% vs 28.6%; P < .001). They presented more often with diabetes (10.9% vs
5.9%; P .050), history of catheterization (17.0% vs 6.7%; P .001), and coronary artery bypass grafting (9.7% vs 3.4%;
P  .004). Marfan syndrome was equally distributed in the two groups. The overall in-hospital mortality did not differ
between groups 1 and 2 (7.6% vs 10.1%; P  .39).
Conclusions: About one-fifth of patients with ABAD do not present with any aortic dilatation. These patients are more
frequently females and younger, when compared with patients with aortic dilatation. This report is an initial investigation
to clinically characterize this cohort, and further research is needed to identify risk factors for aortic dissection in the
absence of aortic dilatation. (J Vasc Surg 2012;56:311-6.)
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dAcute aortic dissection is a cardiovascular emergency
which is associated with high mortality and morbidity.1-4
Increasing aortic diameter is thought to be an important
risk factor of acute aortic dissection and rupture,5-8 and
prophylactic descending thoracic aortic repair is generally
recommended for an aortic diameter larger than 5.5 or 6.0
cm.4-9 However, a recent International Registry of Acute
Aortic Dissection (IRAD) study revealed that the majority
of patients with acute type B aortic dissection (ABAD)
appear to develop dissection in aortas smaller than this
threshold.10 Closer evaluation of this group suggested that
a considerable number of patients present ABAD in the
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doi:10.1016/j.jvs.2012.01.055bsence of aortic dilatation (Fig 1). It is currently unclear
ow many patients develop ABAD without aortic enlarge-
ent, who these patients are, and why they develop aortic
issection. Because these patients do not have any indica-
ions for prophylactic descending thoracic aortic repair
rior to dissection, it is important to characterize this
roup. The purpose of this study was to investigate ABAD
atients with a descending thoracic aortic diameter smaller
han 3.5 cm.
ETHODS
Patient selection and data collection. IRAD is an
ngoing multinational multicenter registry that enrolls pa-
ients with acute aortic dissection at 24 large referral cen-
ers; the inception and structure of IRAD has been de-
cribed previously.11 All patients presenting with ABAD
hat were enrolled in the IRAD registry between 1996
nd September 2009 were selected for analysis. Only
atients of whom the descending aortic diameter at
resentation was available were included for this evalua-
ion. In total, we identified 613 patients with ABAD who
ere included for analysis. Patients were categorized ac-
ording to an aortic diameter3.5 cm (group 1) and3.5
m (group 2), and the two groups were compared regard-
ng demographics, clinical presentation, management, and
utcomes.
The maximum descending aortic diameters were mea-
ured by computed tomography, transesophageal echocar-
iography, and/or magnetic resonance imaging at the time
f presentation. If patients underwent multiple imaging
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was selected for analysis. Themaximum aortic diameter was
measured at cross-sectional images perpendicular to the
long axis of the descending aorta. In IRAD, all aortic
diameter measurements were obtained after aortic dissec-
tion had occurred.
Statistical analysis. Data analysis was performed with
the use of SPSS statistical analysis software (SPSS Inc,
Chicago, Ill). The 2 test was used for comparing categor-
ical variables between patients with an aortic diameter3.5
cm and3.5 cm; the Student t-test was used for comparing
continuous variables between both diameter groups. Sum-
mary statistics are presented as frequencies and percentages
for categorical variables and mean standard deviation for
continuous variables. In all cases, missing data were not
defaulted to negative, and denominators reflect only cases
reported. A P value .05 was considered significant. The
authors had full access to and took full responsibility for
the integrity of the data. All authors have read and agree to
the manuscript as written.
RESULTS
Aortic measurements. The mean aortic diameter at
the level of ABAD was 4.40  1.35 cm (median, 4.1 cm;
range, 2.1-13.0 cm). ABAD in the absence of aortic dilata-
tion, defined as a descending aortic diameter smaller than
3.5 cm, was present in 21.2% (n  130) of patients in
IRAD. The mean aortic diameter in group 1 was 2.97 
0.32 cm, compared with 4.79  1.26 cm in group 2 (P 
.001). In females, the mean aortic diameter in the overall
group was 4.30 cm, compared with 4.46 cm in males (P 
Fig 1. Acute type B aortic dissection.199). PDemographics and patient history. The mean age of
BAD patients in IRAD was 63.9 14.0 years, and 67.7%
ere males. The mean age of patients without aortic dila-
ation was 60.5 years, compared with 64.0 years in patients
ith an aortic diameter larger than 3.5 cm (P  .015).
mong patients in group 1, 50.8% were females, compared
ith 28.6% among patients in group 2 (P  .001). After
tratification for aortic diameter, ABAD patients were pre-
ominantly males in all aortic diameter categories, except
or those in the aortic diameter categories below 3.5 cm
Fig 2), in which the distribution of males and females was
pproximately equal. Biometric characteristics such as
eight and weight did not differ significantly between
atients with and without aortic enlargement (Table I).
atients without aortic dilatation were more likely to report
history of diabetes mellitus (10.9% vs 5.9%; P  .050),
hile pre-existing hypertension (73.6% vs 81.5%; P .050)
as less common in this cohort. Marfan syndrome and
icuspid aortic valve were present in 4.3% and 1.9% of all
BAD patients, respectively, and prevalences did not differ
etween both diameter groups. Prior coronary artery by-
ass grafting (CABG) and cardiac catheterization were
ore frequently represented in patients without aortic dil-
tation. In this group, an iatrogenic cause of dissection was
lso more present (5.6% vs 1.1%; P  .002; Table I).
Presentation and diagnostic findings. ABAD pa-
ients without aortic dilatation presented less frequently
ith chest pain (64.0% vs 73.4%; P  .038) or abdominal
ain (31.1% vs 42.1%; P .028) than patients with a larger
ortic diameter. Syncope at presentation was more com-
on in patients without aortic enlargement (7.2% vs 2.3%;
D) in the absence of aortic dilatation. .007). Complicated ABAD, defined as presence of
m
m
d
a
d
t
s
P
m
w
d
JOURNAL OF VASCULAR SURGERY
Volume 56, Number 2 Trimarchi et al 313malperfusion syndromes, aortic rupture, recurrent or re-
fractory pain, and/or refractory hypertension, was present
in 31.5% of patients without aortic dilatation, compared
with 40.6% of patients with an aortic diameter 3.5 cm
(P .060; Table II). A completely normal chest X-ray was
seen in 43.5% in group 1 compared with 20.8% in group 2
(P .001; Table III). Additional imaging showed a patent
false lumen in 56.7% of patients without aortic dilatation
and in 45.5% of the patients with an aortic diameter 3.5
cm (P  .042).
Management and outcomes. Medical management
Fig 2. Distribution of gender in different aortic diamet
International Registry of Acute Aortic Dissection (IRAD
except for those in the aortic diameter categories below
approximately equal.
Table I. Demographics and clinical history
Aortic diamet
n
130
Demographics
Age (years) 60.5
Female 66
Biometrics
Height (m) 1.68
Weight (kg) 79.1
Body mass index (m/kg2) 28.1
History
Marfan syndrome 6
Bicuspid aortic valve 2
Hypertension 95
Atherosclerosis 42
Diabetes 14
Prior aortic repair 11
Prior coronary artery bypass grafting 12
Prior catheterization 18
Iatrogenic dissection 7
Data regarding height were available for 8.2% (n  50), weight for 11.1% (
patients (n  49).alone was offered to 69.7% of all patients. Endovascular (ethods, either endovascular stenting or fenestration, were
ore frequently offered to ABAD patients without aortic
ilatation (13.8% vs 4.2%; P  .001), while surgical man-
gement was more common among patients with an aortic
iameter3.5 cm (Table IV). The overall in-hospital mor-
ality was 9.6% (n  53), and the mortality did not differ
ignificantly between both diameter groups (7.6% vs 10.1%;
 .398). The mortality rate after endovascular manage-
ent of ABAD patients with a normal aortic diameter
as 23.5% (4 of 18), while no patients with an aortic
iameter 3.5 cm died after endovascular management
ups. Acute type B aortic dissection (ABAD) patients in
e predominantly males in all aortic diameter categories,
m, in which the distribution of males and females was
.5 cm Aortic diameter 3.5 cm
P value% n %
21.2 483 78.8 —
14.8 64.0 13.3 .015
50.8 138 28.6 .001
14.6 1.69 12.1 .758
21.5 87.1 20.7 .188
6.7 29.5 5.7 .486
4.6 20 4.2 .840
1.9 7 1.9 .966
73.6 391 81.5 .050
32.6 165 34.8 .633
10.9 28 5.9 .050
8.9 73 15.5 .058
9.7 16 3.4 .004
17.0 24 6.7 .001
5.6 5 1.1 .002
8), body mass index for 8.0% (n  49), and body surface area for 8.0% ofer gro
) wer
3.5 cer 3



n  6P  .040).
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Increasing aortic diameter is thought to be an impor-
tant risk factor for acute aortic dissection and rupture5-8;
however, about one-fifth of ABADs occur in patients with-
out aortic enlargement. In this analysis, aortic diameter
measurements were obtained after aortic dissection had
occurred, and therefore the original diameter may have
been even smaller. We observed remarkable differences
between the two patient groups; most notably that women
accounted for half of the ABAD patients with a normal
diameter, while the majority of the type B dissections in
enlarged aortas consisted of male patients. Male gender is a
well-known risk factor for the development of various
cardiovascular diseases, including acute aortic dissection,
and approximately 65% to 75% of admitted patients with
ABAD are males.12-16
It remains a mystery why patients sustaining ABAD in
the absence of aortic dilatation are more frequently females.
Women are typically smaller in size than men, and the
average female aorta may be slightly smaller than the aver-
age male aorta. Consequently, a logical hypothesis for the
increased proportion of females among ABAD patients
with a normal aortic diameter could be that the female aorta
may dissect at a smaller diameter, because a 3-cm aortic
diameter may be considerably increased compared with the
normal aortic measurements in females. However, in the
overall IRAD cohort, the mean aortic diameter of ABAD
patients did not differ substantially between males and
females (4.5 cm vs 4.3 cm). In addition, patients’ height did
not differ between those presenting with and without aortic
dilatation.
The increased proportion of females in the group with-
out aortic enlargement may have other explanations be-
yond anatomical reasons. The natural history of thoracic
aortic disease has not been well defined yet,17,18 and in
Table II. Symptoms and signs of aortic dissection
Aortic
diameter
3.5 cm
Aortic
diameter
3.5 cm
P valuen % n %
Presentation
Chest pain 80 64.0 348 73.4 .038
Abdominal pain 38 31.1 196 42.1 .028
Shock 2 1.6 5 1.1 .628
Syncope 9 7.2 11 2.3 .007
Complications 41 31.5 196 40.6 .060
Limb ischemia 9 7.6 36 8.1 .869
Any pulse deficit 22 18.8 66 15.5 .389
Visceral ischemia 8 6.7 16 3.6 .132
Acute renal failure 14 11.9 52 11.6 .938
Spinal cord ischemia 1 0.9 11 2.5 .290
Periaortic hematoma 11 9.4 79 18.2 .023
Recurrent pain 11 44.0 51 33.8 .322
Refractory pain 1 4.0 20 13.2 .187
Refractory hypertension 1 4.0 10 6.6 .616particular the influence of gender remains currently contro- oersial. In contrast to abdominal aortic aneurysms, for
hich men are affected predominantly, the prevalence of
horacic aortic aneurysm (TAA) is thought to be more
qual in women and men.19 Women, however, typically
resent with aortic aneurysms and dissections at a greater
ge than men.12,19,20 Moreover, female gender appears to
e a risk factor for aortic aneurysm rupture.19-21
Another remarkable finding was that ABAD patients
ithout aortic dilatation were on average 3.5 years
ounger, which is especially interesting since women gen-
rally present with ABAD at a higher age.12 It is unclear
hy ABAD without aortic dilatation occurred at a younger
ge, but this may suggest a genetic or familial predisposi-
ion in some of these patients. Coady and colleagues have
nvestigated familial TAA, which accounted for at least 20%
f patients with TAA, after excluding Marfan patients.22,23
hey compared these nonsyndromic familial TAA patients
ith sporadic TAA patients and Marfan syndrome, and
ound that patients with familial TAA were about 7 years
ounger than patients with sporadic TAA. Interestingly,
he aortic growth rate was highest for the familial TAA
roup in their analysis.22,23 It is possible that a similar
nknown familial or genetic predisposition exists in some
oung ABAD patients without aortic dilatation.
Marfan syndrome is an important risk factor for aortic
issection, especially in young patients,5,7 and thresholds
or prophylactic aortic replacement are typically lower for
his specific patient group.5-7,24-26 In ABAD patients with-
ut aortic dilatation, we did not find an increased preva-
ence of Marfan, perhaps because Marfan syndrome pa-
ients typically suffer from aortic root enlargement and
issection, instead of descending thoracic aortic dis-
ase.24-26 Other inherited disorders, including Ehlers-
anlos syndrome type IV, Turner syndrome, and other less
ell-known connective tissue disorders, are known to affect
he integrity of the arterial wall, which could result in aortic
issection.4,27-31 IRAD does not contain data regarding
nherited disorders other than Marfan syndrome, the most
ommon connective tissue disease, and it is possible that
he normal-diameter group had an increased prevalence of
nown, or currently unknown, connective tissue disorders.
he genes that predispose to such connective tissue disor-
ers and familial forms of thoracic aortic disease have only
ecently begun to be identified. Research initiatives, such as
he National Registry of Genetically Triggered Thoracic
ortic Aneurysms and Cardiovascular Conditions,32 have
een established to further investigate genetically triggered
horacic aortic disease, and these registries may provide
ore insights about patients who develop ABAD in the
bsence of aortic dilatation.
Furthermore, iatrogenic dissection was more common
mong patients that suffered ABAD without aortic dilata-
ion. It remains unclear why iatrogenic dissection was more
ommon among this group, although a history of CABG
nd catheterization was more frequently present among
BAD patients without aortic dilatation. If iatrogenic aor-
ic dissection occurs, it often arises during cardiac surgery
r catheterization, and the incidence of iatrogenic type A
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imately 0.20% and 0.024%, respectively.33,34
Although investigating the management and outcomes
was not the purpose of this study, we observed that endo-
vascular stenting and fenestration were more frequently
offered to patients with a normal aortic diameter, while
those with aortic dilatation more frequently underwent
surgery, perhaps because large dissected aortas more fre-
quently have inadequate aortic landing zones for stenting.
The in-hospital mortality after endovascular management
appeared to be higher for the patients with normal aortic
diameters than for those with aortic dilatation; however,
the number of patients treated with endovascular manage-
ment was too small to draw strong conclusions.
The IRAD database contains the largest series of pa-
tients with ABAD, which provided a unique opportunity to
clinically characterize this subset of patients without aortic
dilatation. As with all observational studies, this investiga-
tion has limitations that must be kept in mind when the
data are interpreted. The aortic size measurements were
obtained after acute dissection, and thus the actual aortic
diameters prior to the event may be even smaller. IRAD
does not have a disease-free control group, and therefore
Table III. Diagnostic findings of aortic dissection
Aortic
3
n
Chest X-ray findings
Normal 50
Widened mediastinum 39
Abnormal aortic contour 33
Additional imaging findings
Intramural hematoma 27
Patent false lumen 59
Partial false lumen thrombosis 31
False lumen thrombosis 14
Mean descending aorta diameter 2.97
Entry tear located at left subclavian artery 76
Entry tear located at descending aorta 22
Table IV. In-hospital management and mortality
Aortic
diameter
3.5 cm
Aortic
diameter
3.5 cm
n (%) n (%) P value
Definitive management
Surgery 21 16.2 126 26.2 .017
Medical 91 70.0 335 69.6 .938
Endovascular 18 13.8 20 4.2 .001
In-hospital mortality 9 7.6 44 10.1 .398
Surgery 1 5.0 19 16.1 .306
Medical 4 4.9 25 8.4 .286
Endovascular 4 23.5 0 0.0 .040the data cannot be used to investigate which individualsith a normal aortic diameter are at risk for developing
BAD.
ONCLUSIONS
About one-fifth of patients with ABAD do not have any
ortic dilatation prior to aortic dissection. This report is an
nitial attempt to clinically characterize this cohort, which
evealed that these patients are younger and more fre-
uently women. Further research is needed to explore the
olecular and genetic predisposition of these patients.
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